In this study, we report two cases of appendiceal diverticulitis with perforation. Case 1 was a 50-year-old man who visited our hospital because of epigastralgia and pyrexia. He had rebound tenderness in the right lower abdominal quadrant, as well as an increased inflammatory response observed upon biological examination. Computed tomography revealed an enlarged appendix. He was diagnosed with acute appendicitis, and emergency surgery was performed. Based on pathological examination, he was finally diagnosed with appendiceal diverticulitis with perforation. Case 2 was a woman in her twenties with a chief complaint of lower abdominal pain. She had consulted a nearby gynecologist when she first experienced the pain. She presented to our hospital the next day because her symptoms had not improved, even after taking analgesic drugs. There was muscular defense in the lower abdominal quadrant, as well as an increased inflammatory response. Emergency surgery was performed, and she was diagnosed with appendiceal diverticulitis with perforation based on pathological examination. Although appendiceal diverticulitis is rare, perforation has been reported to occur with it frequently. In addition to describing our two cases, we also provide a review of the literature.
Introduction
Diverticulitis of the appendix is relatively rare, but there is a greater risk of perforation with appendiceal diverticulitis than there is with appendicitis. A preoperative diagnosis of diverticulitis of the appendix is often difficult, 1) and severe or fatal cases have been reported. 2) We report two cases of true diverticulitis of the appendix co-occurring with perforation.
Cases

Case 1 Patient:
A 50-year-old man Chief complaint: Epigastric pain History of present illness: The patient had experienced epigastric pain for 2 days. At the time of his visit, he had extensive abdominal pain and fever. Past medical history: Hypertension Physical examination on admission: Body temperature was 38.0°C. Spontaneous pain was present in the entire abdomen. Rebound pain was observed primarily in the right lower quadrant. There was no muscular defense or board-like rigidity. Laboratory findings: The patient's white blood cell count was 14.7 × 10 3 /mm 3 ,and his C-reactive protein (CRP) level was 10.71 mg/dL, indicating inflammation ( Table 1) .
Abdominal computed tomography (CT) showed an enlarged appendix in the right lower quadrant with increased density of the surrounding fat. Based on these findings, the patient was diagnosed with acute appendicitis (Fig. 1) . Because the abdominal pain was worsening and there was rebound pain in the right lower quadrant, the patient underwent emergency surgery that day. Operative findings: Laparotomy through a pararectal incision revealed a moderate amount of slightly purulent ascites in the peritoneal cavity, and the appendix had swollen to 1.0 × 9.0 cm. An intraoperative diagnosis of acute appendicitis was made. We dissected the mesoappendix in an antegrade manner and performed an appendectomy. The patient had a favorable postoperative course and was discharged 13 days after surgery.
Macroscopic findings of the resected specimen:
The appendix was enlarged, with thickening of the wall and multiple diverticula. Pathological findings: Diverticula extending into the mesoappendix were observed in the entire appendix, and there was inflammatory infiltration. The diverticula had a continuous proper muscle layer; therefore, the diagnosis of true diverticulitis of the appendix was made. One of these diverticula had perforation. There were no malignant findings ( Figs. 2-3) .
Based on these findings, we thought that the appendiceal swelling and thickening of the appendiceal wall occurred secondarily by appendix diverticulitis, and the final diagnosis was diverticulitis of the appendix with perforation ( Fig. 4 ).
Case 2 Patient: A woman in her 20s
Chief complaint: Lower abdominal pain History of present illness: The patient had experienced lower abdominal pain for one day. She was seen by a local gynecologist and diagnosed with endometriosis. She was prescribed an analgesic, but the symptoms did not improve. She visited our hospital the next day. Past medical history: Dysmenorrhea (she was receiving Yard remedies at a local gynecology clinic), cervical cancer in situ, and ileus. Physical examination on admission: Temperature was 36.9°C. Board-like rigidity was observed in the entire lower abdomen. Laboratory findings: The patient's white blood cell count was 1.57 × 10 3 /mm 3 , and her CRP level was 19.71 mg/dL, indicating inflammation ( Table 1) .
Abdominal CT showed a high-density area at the root of the appendix suggesting a fecal calculus, and a low-density area in the right lower quadrant suggesting an abscess, although morphological identification of the appendix was difficult ( Fig. 5) .
Based on these findings, the patient was diagnosed with abscess-forming appendicitis and underwent emergency surgery that day. Operative findings: Laparotomy through a pararectal incision revealed an enlarged appendix adhering to the terminal ileum and purulent exudate on the dorsal appendix. An intraoperative diagnosis of intraperitoneal abscess was made. We dissected the mesoappendix in an antegrade manner and performed an appendectomy and abscess drainage.
Macroscopic findings of the resected specimen:
The appendix was generally swollen to 1.5 × 3.5 cm, and thickening of the wall was observed. Fecal calculus was observed at the root of the appendix (Fig. 6 ). Pathological findings: Multiple diverticula were observed in the appendix, and one of these diverticula had perforation. Although the muscle layer was absent at the perforated sites, a continuous proper muscle layer was observed in the two-thirds from entry of the region, and a diagnosis of true diverticulitis was made. The final diagnosis was diverticulitis of the appendix with perforation. In addition, there were endometriosis-like changes in the wall of the appendix (Fig. 7) .
The patient had a favorable postoperative course and was discharged 9 days after surgery.
Discussion
Diverticulitis of the appendix was first described by Kelynack in 1893. It is a relatively rare disease, found in 1.28-6.2% of patients undergoing appendectomy. 1) In Japan, diverticulitis of the appendix was first reported by Hoshino in 1937, 3) and there have been The majority are false diverticula, and the ratio of true diverticula to total diverticula was reported to be 4:172. 4) Many true diverticula are congenital, whereas false diverticula are considered to be caused by mucosal prolapse of a vulnerable area of the bowel, such as a vessel supplying the area due to increased pressure in the appendix, 4) and many extend into the mesoappendix 6) and occur in multiples. 4) The incidence of perforation in diverticulitis of the appendix is reported to be 22-66%, which is four times greater than that in normal appendicitis. 2)6) The potential reasons for this are acute exacerbation of obstructive enteritis resulting from poor drainage due to a narrow lumen at the blind end of the appendix, 6) the vulnerability of the appendicular artery (a functional end-artery) to ischemia, 8) and the lack of a proper muscular layer in many false diverticula. 6) Most patients with perforation also develop peritonitis. 8) The present cases had multiple diverticula with perforation, suggesting an association between the presence of perforation and disease severity.
The diagnosis of diverticulitis of the appendix is usually made intraoperatively or postoperatively. The proportion with a preoperative diagnosis is 26.7%, and most cases were incidentally diagnosed with a lower gastrointestinal series. 4)5)
However, there has been a recent increase in reports of diverticulitis preoperatively diagnosed not only by barium enema examination but also by abdominal ultrasound or CT as a result of advances in imaging analysis techniques. Upon ultrasound examination, diverticulitis of the appendix usually appears as a hypoechoic area extending from the appendix, and in typical cases, a hyperechoic area of gas formation is observed in the central portion. 9) Upon CT, a diverticulum of the appendix is usually seen as a cystic structure extending from the appendix (usually ranging from 0.2 to 0.5 mm), and there is increased density in the surrounding fat when inflammation is present. 10) For the present report, we searched the Japanese Abstract Society database (conference proceedings were excluded) from January 2009 to January 2016 using the key words "diverticulosis" and "diverticulitis" and found 11 case reports on diverticulitis of the appendix in which surgery was performed. We compared the 13 patients reported since 2009 (including the two patients in the present study) and the patients reported by Kashiwagi et al. in 2008 . Statistical analysis was performed using ystat2013.xls, the chisquared test. The level of significance was set at p < 0.05 (Tables 3, 4) .
Among the 13 patients reported since 2009, the proportion of men to women was 9:4, and the mean age was 52.7 years, ranging from 37 to 72 years, which was higher than that of patients with appendicitis (mean, 33 ± 19 years) reported by Nakayama et al. 17) The rate of appendiceal genuine diverticulitis was 33.3%, higher than the rate in patients Kashiwagi reported, and this difference was significant. The perforation rate was 46.1%, also higher than the rate of 35.4% that Kashiwagi reported, but this difference was not significant. Therefore, it was always thought that it was easy to perforate because the false diverticulum lacked in muscular layer. However, it was thought that the perforation rate was unrelated to having a muscular layer. In addition, the rate of preoperative diagnosis was 46% among the 13 patients reported since 2009, and 26.7% among the patients reported by Kashiwagi et al. This difference was probably attributable to advances in imaging analysis techniques and improved awareness of the disease among clinicians. For example, Terai et al. reported that they were able to make a preoperative diagnosis of diverticulitis of the appendix more accurately by being aware that patients with suspected acute appendicitis may have the disease. 19) The most common symptom of diverticulitis of the appendix is right lower quadrant pain, which is frequently observed as an initial symptom, whereas gastrointestinal symptoms are less frequently observed. The reason for this was explained by Yamazaki et al. as follows. Chronic retention of mucosal 
Genuine diverticulum
Ignorance fluid in diverticulosis without inflammation in the appendix might cause chronic right lower quadrant pain; the inflammation in diverticulitis of the appendix is usually restricted to the sites of diverticula, whereas the inflammation in appendicitis spreads into the entire appendix. 18) Nakayama et al, 17) reported that the time from the onset of abdominal pain to surgery in diverticulitis of the appendix is relatively longer (approximately 3 days) than that for appendicitis (approximately 1 day).
Typically, patients with diverticulitis of the appendix experience right lower quadrant pain, have fewer preceding gastrointestinal symptoms, and thus tend to be ill for a longer period of time. 17) Therefore, clinicians should perform a detailed imaging analysis when there is a possibility that the disease is present, especially in the patients with suspected acute appendicitis and a relatively longer history of right lower quadrant pain without prior gastrointestinal symptoms.
In Western countries, preventive appendectomy is usually performed for incidentally detected diverticulitis of the appendix, even if patients are asymptomatic, because of the greater risk of perforation and peritonitis. 6) In Japan, there is still no consensus on preventive surgery for diverticulitis of the appendix. 2) Takahashi et al. suggested that preventive surgery was not always recommended for all patients with diverticulosis of the appendix, considering that the perforation rate in acute appendicitis was also as high as 41-65% in patients aged 65 years or above. 20) However, many researchers have stated that surgery should be performed for patients with acute inflammation. 6 
)22)23)
Thus, careful monitoring is crucial when a patient is incidentally found to have a diverticulum of the appendix. 21) If there is an increase in right lower quadrant pain and/or if laboratory data indicate inflammation, the clinician should consider performing surgery, given the greater risk of perforation in the disease.
Recently, a case of perforating appendicitis treated with laparoscopic surgery was reported. 2) Laparoscopic appendectomy provides a good operative field in the abdominal cavity, allowing organs surrounding the appendix to be observed as well. 2) On the other hand, laparoscopic surgery may not be applicable in cases of severe inflammation, considering the greater risk of perforation. However, there are reports that laparoscopic surgery was especially useful for appen-dicitis with severe inflammation in terms of improving wound infection, length of hospitalization, and aesthetic appearance. 24)25) 26) Currently, laparoscopic appendectomy is a treatment option for diverticulitis of the appendix; however, the treatment decision should be made after considering the experience and skill of the operators and available equipment, among other factors. Further investigation of this issue is required.
Thus, careful monitoring is required for diverticulosis of the appendix without symptoms. 2) For patients with diverticulitis of the appendix who have symptoms, surgery should be considered without delay. 2)21)22)
Conclusion
We presented two cases of diverticulitis of the appendix with perforation and provided a review of the literature.
